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Introduction {#sec007}
============

Over 258 million people, or 3.4% of the global population, currently live as migrants outside of their birth country \[[@pmed.1002944.ref001]\], including over 25 million refugees \[[@pmed.1002944.ref002]\] forcibly displaced by persecution, war, or violence. Refugees experience high rates of certain mental health disorders, including post-traumatic stress disorder (PTSD) \[[@pmed.1002944.ref003]--[@pmed.1002944.ref006]\] and psychotic disorders including schizophrenia \[[@pmed.1002944.ref007]\]. Less epidemiological research has focused on the risk of other mental health disorders on refugees, although they appear to have lower risk of suicide than nonmigrant populations \[[@pmed.1002944.ref008]\]. For non-refugee migrants, risk of depression and anxiety may be lower \[[@pmed.1002944.ref009]--[@pmed.1002944.ref012]\] or equivocal to autochthonous populations \[[@pmed.1002944.ref011],[@pmed.1002944.ref013]\], but like refugees, they are at elevated risk of psychotic disorders \[[@pmed.1002944.ref007],[@pmed.1002944.ref014]--[@pmed.1002944.ref016]\].

The epidemiological evidence for risk of substance use disorders in refugee and non-refugee migrant groups is still poorly understood, with most studies focused on alcohol use behaviors and disorders \[[@pmed.1002944.ref017]\]. Relatively few studies have compared rates of substance use disorders in refugees to non-refugee or nonmigrant populations, and available evidence presents a heterogeneous picture \[[@pmed.1002944.ref017]\]. For example, one study in Sweden found that hospitalizations for alcohol and drug use disorders were lower in immigrants from regions of the world where Sweden has traditionally received substantial numbers of refugees, compared with the Swedish-born population \[[@pmed.1002944.ref018]\]. This study, however, did not have a direct measure of refugee status. In contrast, another study in Sweden found that young male refugees were more likely to be hospitalized for drug-related problems \[[@pmed.1002944.ref019]\]. Harmful alcohol consumption in Bhutanese refugees in Nepal was also no higher than typically observed in Western populations \[[@pmed.1002944.ref020]\], while a further study in the US \[[@pmed.1002944.ref021]\] reported that refugees were 3--6 times less likely to meet criteria for substance use disorders than the nonmigrant population. With regards to non-refugee migrant groups, current research also suggests that alcohol-related disorders are less common compared with host populations in the US \[[@pmed.1002944.ref022]\], Scandinavia \[[@pmed.1002944.ref023]--[@pmed.1002944.ref025]\], and Spain \[[@pmed.1002944.ref026],[@pmed.1002944.ref027]\], although not from one study in France \[[@pmed.1002944.ref028]\]. Risk of other substance abuse disorders may also be lower in non-refugee migrants \[[@pmed.1002944.ref022]\], although these have received less research attention to date.

There is also some evidence that the risk of some other psychiatric outcomes in migrant populations, most notably suicide \[[@pmed.1002944.ref008]\], converge to the background Swedish rate with longer residence in Sweden. Moreover, earlier age at migration has been associated with increased risk of psychotic disorders in some \[[@pmed.1002944.ref029]--[@pmed.1002944.ref031]\] (but not all \[[@pmed.1002944.ref015]\]) studies, implicating possible cultural adaptation as a mechanism influencing future mental health. For substance use disorders, there is some corollary evidence from US data that substance use disorders are closer to native-born American prevalence in second-generation migrants and first-generation migrants with earlier age at migration \[[@pmed.1002944.ref022]\], suggesting similar mechanisms; to our knowledge, this hypothesis has not been tested in incidence cohorts.

Many studies have been based on cross-sectional surveys \[[@pmed.1002944.ref022],[@pmed.1002944.ref024]--[@pmed.1002944.ref027]\], prevalence data \[[@pmed.1002944.ref020],[@pmed.1002944.ref022],[@pmed.1002944.ref024],[@pmed.1002944.ref026],[@pmed.1002944.ref027]\], small samples \[[@pmed.1002944.ref024],[@pmed.1002944.ref026],[@pmed.1002944.ref027]\], imprecise definitions of refugee status \[[@pmed.1002944.ref018]\], or substance use behaviors rather than disorder \[[@pmed.1002944.ref020],[@pmed.1002944.ref024],[@pmed.1002944.ref025]\], making it difficult to draw firm conclusions about the risk of substance use disorders in refugee and non-refugee migrant groups. Few population-based, longitudinal studies on this topic have been conducted, with rare exceptions \[[@pmed.1002944.ref019]\]. However, this study did not disaggregate findings by substance type, while the increased risk of hospitalization for drug use disorders in male refugees contrasts the wider literature. One unexplored possibility here is that risk of substance use disorders in refugee and non-refugee migrant groups may vary by a third factor, such as exposure to traumatic life events or the comorbid experience of PTSD \[[@pmed.1002944.ref032]\]. It has been suggested that over half of people with PTSD meet criteria for alcohol abuse, and over one third meet criteria for other substance abuse \[[@pmed.1002944.ref033]\]. Therefore, exact substance use disorder risk in refugee and non-refugee migrants may depend on the comorbid presence of PTSD or may have a greater impact on substance use disorder rates, given that they are more likely to experience trauma and PTSD \[[@pmed.1002944.ref034]\]. If true, we would expect that refugees, but not non-refugee migrants, would have a higher risk of substance use disorders than Swedish-born individuals and that the impact of PTSD (i.e., proportion exposed to PTSD) would be more common amongst refugee and non-refugee migrants. However, we would have no reason to believe that the effect of PTSD on substance abuse disorder risk (i.e., the relative risk or hazard ratio \[HR\]) would differ between refugees, non-refugees, and Swedish-born groups (i.e., no effect modification of the association between PTSD and rates of substance use disorders by migrant status). We therefore investigated whether the incidence of substance use disorders in refugees and non-refugee migrants from regions with substantial refugee flows to Sweden differed from the native-born population in a large, nationwide Swedish cohort, using high-quality linked register data. Specifically, we tested whether rates of substance use disorders would be lower in refugee and non-refugee migrant populations in Sweden; vary by region of origin; converge to the Swedish-born rate with earlier age at migration, and longer time lived in Sweden amongst migrant populations; and be independently associated with PTSD (that PTSD would be more common in refugee and non-refugee migrants \[i.e., greater impact\], but that PTSD would not modify the association between migrant status and substance use disorders).

Methods {#sec008}
=======

A prespecified protocol for this study was used ([S1 Text](#pmed.1002944.s002){ref-type="supplementary-material"}) and is registered at protocols.io ([dx.doi.org/10.17504/protocols.io.53fg8jn](http://dx.doi.org/10.17504/protocols.io.53fg8jn)). We deviated from the protocol by including an analysis of time lived in Sweden in relation to the hazard of substance use disorders as a post hoc analysis.

Study design and population {#sec009}
---------------------------

Using longitudinal Swedish register data from Psychiatry Sweden, a database of linked registers to explore the causes and outcomes of mental health disorders, we established an initial cohort of 1,345,320 people born between 1984 and 1997, of refugees, non-refugee migrants, and Swedish-born participants. We restricted the cohort to this birth period to ensure we could follow all participants diagnosed with an International Classification of Diseases, 10th revision (ICD-10) substance use disorder (F10--F19), which was introduced in Sweden in 1997. We only included refugee and non-refugee migrants who arrived in Sweden from 1 January 1998 (when refugee status was first recorded in the longitudinal database for integration studies \[STATIV\]) from regions of origin where data were available in the Swedish registers on at least 1,000 refugees, to permit valid comparisons between these two groups, consistent with our previous methodology \[[@pmed.1002944.ref007]\]. Migrants from other regions (e.g., Western Europe, the Americas, or Oceania) were excluded, as were children of migrants (second-generation migrants), defined as those born in Sweden to at least one foreign-born parent. Those not officially granted residence in Sweden (i.e., asylum seekers and undocumented migrants) and those diagnosed with non-affective psychosis (ICD-10 F20--F29) or a substance use disorder (F10--F19) before their 14th birthday were excluded. Participants were considered at risk of developing a substance use disorder from their 14th birthday (earliest: 1 January 1998) or arrival in Sweden, if later, and were followed until they received a diagnosis of a substance use disorder (see below), emigration, death, or the end of the follow-up period (31 December 2016).

Outcomes {#sec010}
--------

Our primary outcome of interest was a first ICD-10 diagnosis of mental and behavioral disorders due to psychoactive substance use (F10.X--F19.X) as recorded in the National Patient Register, following in- or outpatient admission. The National Patient Register began recording inpatient psychiatric contacts in 1973 and outpatient contacts in 2001 \[[@pmed.1002944.ref035]\]. In- and outpatient coverages are known to be complete after 1987 and 2005, respectively \[[@pmed.1002944.ref035]\], for publicly funded healthcare settings and privately funded inpatient care, and around 80% complete for privately funded outpatient settings. We also investigated three specific types of substance use disorders with considerable public health impact, as separate outcomes: alcohol use disorders (F10.X), cannabis use disorders (F12.X), and polydrug use disorders (F19.X). The earliest recorded date of diagnosis was used as the date of cohort exit.

Exposures {#sec011}
---------

Our primary exposure was migrant status, categorized as refugee, non-refugee migrant, or Swedish-born using information from the Total Population Register, STATIV, and the Multi-generational Register. Reason for settlement, including refugee status, was ascertained from the STATIV register, where individuals were coded as refugees if they had been granted a residency permit in accordance with Swedish law and the UN Refugee Convention as someone who, \"owing to a well-founded fear of being persecuted \[...\] is unable to, or owing to such fear, is unwilling to avail himself of the protection of that country\" \[[@pmed.1002944.ref036]\]. All other immigrants granted official residency were classified as non-refugee migrants. Swedish-born people were defined as those born in Sweden to two Swedish-born parents, linked via the Multi-generational Register. As secondary exposures, we also considered region of origin, age at migration, and time in Sweden. We classified region of origin into 5 regions: Sweden; Eastern Europe and Russia; Asia; Middle East and North Africa; and sub-Saharan Africa. Full details of the specific region and countries of origin included in these definitions by the Swedish Migration Agency are reported in [S1 Table](#pmed.1002944.s004){ref-type="supplementary-material"}. Age at migration was categorized as Swedish-born, 0--6 years, 7--15 years, 16--19 years, and 20+ years, consistent with age periods at which people in Sweden typically transition through the education system. Time in Sweden was categorized as Swedish-born, 0--4 years, 5--9 years, and 10+ years. Finally, we classified individuals as having a PTSD diagnosis if they had ever received an ICD-10 F43.1 diagnosis recorded in the National Patient Register.

Confounders {#sec012}
-----------

Sex, birth year, family income, family employment status, population density, and PTSD diagnosis were included as confounders. We also treated age as a time-varying covariate, using Lexus expansion, to account for possible changes in substance use disorders risk for people as they aged. We created 5 age categories: 14--17, 18--21, 22--25, 26--29, and 30--32. We further adjusted for birth year to account for possible period effects. Family income was generated from the Longitudinal Integration Database for Health Insurance and Labour Market Statistics (LISA). As individuals are not included in the LISA until age 16, family income was used when available, which included highest parental income for parents residing at the same address as the participant. For individuals who entered the cohort after age 16, their personal income was utilized if parental income was not available. Family disposable income was divided into quintiles relative to the total Swedish population in a given year, which implicitly accounts for inflation over the follow-up period. Individuals were categorized according to the family income quintile in their year of cohort entry. Similarly, we considered parental employment status (employed versus unemployed), also retrieved from the LISA register. For migrants arriving after age 16 without parents, individual employment status was used. Population density was estimated for participants according to the "Small Area Marketing Statistic" neighbourhood (*N* = 9,209) in which they were registered in their year of cohort entry according to the Total Population Register. These neighbourhoods had a median population size of 726 in 2011 (interquartile range \[IQR\], 312--1,378). We generated four categories of population density: \<25 people/km^2^, 25.1--250 people/km^2^, 250.1--2,500 people/km^2^, and \>2,500 people/km^2^ to control for urban effects.

Statistical analysis {#sec013}
--------------------

We excluded participants with missing covariate data and compared them with the complete case sample. Next, we presented descriptive statistics on confounder and outcome variables, and reported incidence rates per 100,000 person-years by migrant status. We then fitted Cox proportional hazards models for each outcome, estimating unadjusted and adjusted hazard ratios (aHRs) and 95% confidence intervals (CIs) for each of our exposures. Due to multicollinearity between our exposures (all exposures had the Swedish-born population as the reference category), we fitted separate models for each exposure and reported Akaike's Information Criterion (AIC) for each, with lower score indicating better fit. We tested whether the effect of migrant status on substance use disorders was modified by PTSD, assessed formally via likelihood ratio tests (LRTs). To investigate possible biases introduced by excluding participants with missing covariate data, we reran our main unadjusted and adjusted Cox proportional hazards models for all substance use disorders, including people with missing income data (*N* = 99,631) in a sensitivity analysis; when controlling for income, we included those missing income as a separate category on this covariate. In a further sensitivity analysis restricted to migrant samples (i.e., excluding the Swedish-born reference category to reduce multicollinearity), we investigated whether migrant status, region of origin, age at migration, and time in Sweden had independent effects on risk of any substance use disorders. We tested the proportional hazards assumption for migrant status by conducting a proportional hazards test of departure of Schoenfeld residuals from zero over time, with inspection of log-log plots and by inspecting HRs by migrant status across the follow-up period in the event of violation of this assumption. We used Stata version 15 for all statistical analyses \[[@pmed.1002944.ref037]\].

This study received ethical approval through Psychiatry Sweden from the Stockholm Regional Ethical Review Board (number 2010/1185-31/5) and consent was waived. We followed STROBE guidelines for reporting observational studies ([S1 STROBE Checklist](#pmed.1002944.s001){ref-type="supplementary-material"}).

Results {#sec014}
=======

Missing data {#sec015}
------------

From 1,345,320 participants, we excluded 103,419 people (7.7%) missing covariate data ([Fig 1](#pmed.1002944.g001){ref-type="fig"}), including family income (*n* = 99,631; 7.4%), employment status (*n* = 3,710; 0.3%), or address information in year of cohort entry (*n* = 348; 0.03%). Participants with missing data were more likely to be refugee or non-refugee migrants, younger, male, from lower family income quintiles, unemployed families, and live in more urban areas than participants in the final analytical cohort (all *p* \< 0.001; [S2 Table](#pmed.1002944.s005){ref-type="supplementary-material"}). They were less likely to have received a diagnosis of any substance use disorder or PTSD (all *p* \< 0.001; [S2 Table](#pmed.1002944.s005){ref-type="supplementary-material"}).

![PRISMA flow diagram.](pmed.1002944.g001){#pmed.1002944.g001}

Demographic and clinical characteristics {#sec016}
----------------------------------------

Our final analytical sample included 1,241,901 people living in Sweden (92.3% of the total sample), including 17,783 refugees (1.4%), 104,250 non-refugee migrants (8.4%), and 1,119,868 Swedish-born individuals (90.2%) (**[Table 1](#pmed.1002944.t001){ref-type="table"}**). The largest proportion of refugee (41.4%) and non-refugee migrants (33.7%) were from the Middle East and North Africa (33.7%). The smallest proportion of refugee (6.0%) and non-refugee migrants (11.8%) were from Eastern Europe and Russia, and sub-Saharan Africa. Migrants from these broad regions tended to come from specific regions of origin from which Sweden has traditionally received substantial migrant flows, including East Africa, the former Yugoslavia, Central Asia (including Afghanistan), and Iraq ([S1 Table](#pmed.1002944.s004){ref-type="supplementary-material"}). Refugee and non-refugee migrants were more likely to be from a lower family income category than the Swedish-born population, be older and be in a more densely populated part of Sweden at cohort entry (all χ^2^ *p* \< 0.001). As expected, refugees were more likely to have a PTSD diagnosis (1.3%) than non-refugee migrants (0.6%) and the Swedish-born population (0.2%) (χ^2^ *p* \< 0.001).

10.1371/journal.pmed.1002944.t001

###### Cohort characteristics by migrant status in the complete case sample.
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  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics                Swedish-born\              Non-refugee migrants (*n* = 104,250; 8.4%)   Refugees\                                                        
                                 (*n* = 1,119,868; 90.2%)                                                (*n* = 17,783; 1.4%)                                             
  ------------------------------ -------------------------- -------------------------------------------- ---------------------- -------- ------ --------- -------- ------ ---------
  **Psychiatric diagnosis**                                                                                                                                               

  Any substance use disorder     38,971                     3.5                                          13,427,338             1,223    1.2    862,574   223      1.3    149,389

  Alcohol use disorder           29,444                     2.6                                          13,498,936             690      0.7    865,865   117      0.7    150,000

  Cannabis use disorder          4,381                      0.4                                          13,730,555             301      0.3    868,961   52       0.3    150,534

  Polydrug use disorder          7,553                      0.7                                          13,704,514             246      0.2    869,319   53       0.3    150,501

  **Sex**                                                                                                                                                                 

  Female                         545,163                    48.7                                         6,514,361              53,104   50.9   442,936   7,798    43.8   65,542

  Male                           574,705                    51.3                                         6,912,978              51,146   49.1   419,638   9,985    56.2   83,848

  **Birth year**                                                                                                                                                          

  1984--1985                     155,362                    13.9                                         2,642,047              28,029   26.9   231,807   3,613    20.3   32,313

  1986--1987                     166,546                    14.9                                         2,523,494              21,851   21.0   181,848   3,063    17.2   27,592

  1998--1999                     182,803                    16.3                                         2,436,898              15,632   15.0   138,784   2,784    15.7   24,706

  1990--1991                     195,903                    17.5                                         2,261,732              13,419   12.9   122,323   2,709    15.2   23,664

  1992--1993                     184,705                    16.5                                         1,804,263              8,640    8.3    69,895    2,485    14.0   18,977

  1993--1995                     163,036                    14.6                                         1,294,891              11,198   10.7   83,404    2,255    12.7   16,556

  1996--1997                     71,513                     6.4                                          464,013                5,481    5.3    34,514    874      4.9    5,582

  **Region of origin**                                                                                                                                                    

  Sweden                         1,119,868                  100.0                                        13,427,338                                                       

  Eastern Europe and Russia                                                                                                     30,236   29.0   246,832   1,066    6.0    10,770

  Asia                                                                                                                          26,582   25.5   197,954   3,063    17.2   25,888

  Middle East and North Africa                                                                                                  35,088   33.7   313,406   7,363    41.4   65,936

  Sub-Saharan Africa                                                                                                            12,344   11.8   104,382   6,291    35.4   46,796

  **Age at migration**                                                                                                                                                    

  Sweden                         1,119,868                  100.0                                        13,427,338                                                       

  0--6 years                                                                                                                    5,115    4.9    37,250    1,014    5.7    7,423

  7--15 years                                                                                                                   35,314   33.9   348,804   5,175    29.1   49,216

  16--19 years                                                                                                                  21,761   20.9   198,099   5,219    29.4   44,114

  20+ years                                                                                                                     42,060   40.4   278,422   6,375    35.9   48,635

  **Time in Sweden**                                                                                                                                                      

  Sweden                         1,119,868                  100.0                                        13,427,338                                                       

  0--4 years                                                                                                                    94,733   90.9   787,642   16,196   91.1   136,937

  5--9 years                                                                                                                    8,218    7.9    66,244    1,214    6.8    10,037

  10+ years                                                                                                                     1,299    1.3    8,688     373      2.1    2,414

  **Family income**                                                                                                                                                       

  Quintile 1 (lowest)            11,021                     1.0                                          121,140                57,300   55.0   420,470   12,213   68.7   98,150

  Quintile 2                     77,101                     6.9                                          904,388                19,242   18.5   176,311   1,998    11.2   17,842

  Quintile 3                     204,960                    18.3                                         2,452,882              18,047   17.3   173,216   2,429    13.7   22,416

  Quintile 4                     397,382                    35.5                                         4,782,866              7,146    6.8    69,198    893      5.0    8,590

  Quintile 5 (highest)           429,404                    38.3                                         5,166,062              2,515    2.4    23,379    250      1.4    2,391

  **Family employment**                                                                                                                                                   

  Unemployed                     197,330                    17.6                                         2,443,022              4,372    4.2    39,224    501      2.8    4,347

  Employed                       922,538                    82.4                                         10,984,316             99,878   95.8   823,350   17,282   97.2   145,042

  **Population density**                                                                                                                                                  

  0--25 pp/km^2^                 280,679                    25.1                                         3,415,094              10,553   10.1   93,166    5,202    29.3   43,615

  25.1--250 pp/km^2^             616,654                    55.1                                         7,398,665              48,239   46.3   401,105   8,584    48.3   72,387

  250.1--2,500 pp/km^2^          161,798                    14.5                                         1,903,867              30,385   29.2   244,110   2,663    15.0   22,204

  2,500.1 or more pp/km^2^       60,737                     5.4                                          709,712                15,073   14.5   124,196   1,334    7.5    11,184

  **PTSD diagnosis**             2,370                      0.2                                          25,886                 659      0.6    6,607     227      1.3    1,866
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: pp/km^2^, people per square kilometer; PTSD, post-traumatic stress disorder

We identified 40,417 (2.9%) individuals who were first diagnosed with a substance use disorder in the inpatient or outpatient register over 14,439,302 person-years of follow-up (**[Table 1](#pmed.1002944.t001){ref-type="table"}**). Both refugee (19.8 years; IQR, 17.4--22.8) and non-refugee migrants (19.9 years; IQR, 17.5--22.7) had an older median age of first diagnosis than Swedish-born participants (18.6 years; IQR, 16.5--20.9; Kruskal-Wallis: χ^2^(2) = 189.2; *p* = 0.0001).

Rates of any substance use disorder by migrant status {#sec017}
-----------------------------------------------------

The crude incidence of substance use disorders was higher in the Swedish-born population (290.2 per 100,000 person-years; 95% CI 287.3--293.1) than non-refugee migrants (141.8 per 100,000 person-years; 95% CI 134.0--150.0) and refugees (149.3 per 100,000 person-years, 95% CI 130.9--170.2). In an unadjusted model, both refugee (HR, 0.42; 95% CI 0.37--0.48; *p* \< 0.001) and non-refugee (HR, 0.42; 95% CI 0.39--0.44; *p* \< 0.001) migrants were less likely to have received a diagnosis for a substance use disorder than the Swedish-born population (**[Table 2](#pmed.1002944.t002){ref-type="table"}**), patterns which persisted following adjustment for age, sex, birth year, family income, family employment, population density, and PTSD diagnosis (HR~refugees~, 0.52; 95% CI 0.46--0.60; *p* \< 0.001; HR~migrants~, 0.46; 95% CI 0.43--0.49; *p* \< 0.001).

10.1371/journal.pmed.1002944.t002

###### Unadjusted and adjusted HRs by migrant status.
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  Substance use disorder                 *N*      Percent   Unadjusted   Adjusted   *p*-value                                  
  -------------------------------------- -------- --------- ------------ ---------- ----------- --------- ------ ------ ------ ---------
  **Any substance use disorder**                                                                                               
  Swedish-born                           38,971   3.5       1                                             1                    
  Non-refugee migrants                   1,223    1.2       0.42         0.39       0.44        \<0.001   0.46   0.43   0.49   \<0.001
  Refugees                               223      1.3       0.42         0.37       0.48        \<0.001   0.52   0.46   0.60   \<0.001
  Refugees versus non-refugee migrants   \-       \-        1.02         0.88       1.18        0.78      1.15   0.99   1.32   0.06
  **Alcohol use disorder**                                                                                                     
  Swedish-born                           29,444   2.6       1                                             1                    
  Non-refugee migrants                   690      0.7       0.30         0.28       0.33        \<0.001   0.35   0.32   0.39   \<0.001
  Refugees                               117      0.7       0.29         0.24       0.34        \<0.001   0.38   0.31   0.46   \<0.001
  Refugees versus non-refugee migrants   \-       \-        0.95         0.78       1.15        0.58      1.06   0.87   1.30   0.54
  **Cannabis use disorder**                                                                                                    
  Swedish-born                           4,381    0.4       1                                             1                    
  Non-refugee migrants                   301      0.3       0.96         0.85       1.08        0.49      0.81   0.70   0.93   0.003
  Refugees                               52       0.3       0.93         0.71       1.22        0.59      0.96   0.72   1.29   0.78
  Refugees versus non-refugee migrants   \-       \-        0.97         0.72       1.30        0.92      1.18   0.88   1.59   0.27
  **Polydrug use disorder**                                                                                                    
  Swedish-born                           7,553    0.7       1                                             1                    
  Non-refugee migrants                   246      0.2       0.48         0.43       0.55        \<0.001   0.44   0.37   0.51   \<0.001
  Refugees                               53       0.3       0.59         0.45       0.77        \<0.001   0.58   0.44   0.78   \<0.001
  Refugees versus non-refugee migrants   \-       \-        1.21         0.90       1.63        0.21      1.34   0.99   1.80   0.06

^1^Adjusted for age, sex, birth year, family income, family employment, population density, and PTSD diagnosis.

Abbreviations: CI, confidence interval; HR, hazard ratio

Rates of specific substance use disorders by migrant status {#sec018}
-----------------------------------------------------------

Alcohol use disorders were the most commonly diagnosed substance use disorder in our cohort (208.4 per 100,000 person-years; 95% CI 206.0--210.7). As for all substance use disorders, rates of alcohol use disorder were lower in both refugee (HR: 0.38; 95% CI 0.31--0.46; *p* \< 0.001) and non-refugee migrants (HR: 0.35; 95% CI 0.32--0.39; *p* \< 0.001) after adjustment for confounders (**[Table 2](#pmed.1002944.t002){ref-type="table"}**). Polydrug use disorders showed similar patterns by migrant status. Interestingly, cannabis use disorders initially appeared not to be reduced in refugee and non-refugee migrants relative to the Swedish-born population in an unadjusted model (i.e., HR~refugees~: 0.93; 95% CI 0.71--1.22; *p* = 0.59). After adjustment for confounders, there remained no evidence that refugees were at lower risk (HR: 0.96; 95% CI 0.72--1.19; *p* = 0.78), although non-refugee migrants were at slightly lower risk of cannabis use disorders than the Swedish-born population (HR: 0.81; 95% CI 0.70--0.93; *p* = 0.003). There were no differences in rates of alcohol or cannabis use disorders between refugee and non-refugee migrants (i.e., alcohol use disorders, HR: 1.06; 95% CI 0.87--1.30; *p* = 0.54), although there was weak evidence that polydrug use disorders may have been somewhat higher in refugees than non-refugee migrants (HR: 1.34; 95% CI 0.99--1.80; *p* = 0.06). In sensitivity analyses in a larger cohort of 1.34 million participants, including 99,631 missing data on income, there was little evidence that excluding this group biased our findings ([S5 Table](#pmed.1002944.s008){ref-type="supplementary-material"}).

When compared with Swedish-born participants, migrants (both refugee and non-refugee migrants) from all regions of origin were less likely to receive a diagnosis of any substance use disorder, with similar magnitudes of reduced risk for participants from all regions of origin (**[Table 3](#pmed.1002944.t003){ref-type="table"}**). Similar patterns were found for alcohol and polydrug use disorders. We found reduced risk of cannabis use disorders for people from most regions of origin, except for migrants from sub-Saharan Africa, who were more likely to be diagnosed with these disorders (HR: 1.40; 95% CI 1.11--1.76; *p* = 0.004) than the Swedish-born population.

10.1371/journal.pmed.1002944.t003

###### Unadjusted and adjusted HRs by region of origin.

![](pmed.1002944.t003){#pmed.1002944.t003g}

  Substance use disorder           *N*      Percent   Unadjusted          Adjusted   *p*-value                        
  -------------------------------- -------- --------- ------------ ------ ---------- ----------- ------ ------ ------ ---------
  **Any substance use disorder**                                                                                      
  Swedish                          38,971   3.5       1                                          1                    
  Eastern Europe and Russia        391      1.3       0.44         0.40   0.49       \<0.001     0.51   0.45   0.56   \<0.001
  Asia                             266      0.9       0.34         0.30   0.38       \<0.001     0.42   0.37   0.48   \<0.001
  Middle East and North Africa     532      1.3       0.42         0.38   0.45       \<0.001     0.43   0.39   0.47   \<0.001
  Sub-Saharan Africa               257      1.4       0.48         0.43   0.55       \<0.001     0.57   0.50   0.65   \<0.001
  **Alcohol use disorder**                                                                                            
  Swedish                          29,444   2.6       1                                          1                    
  Eastern Europe and Russia        222      0.7       0.33         0.28   0.37       \<0.001     0.40   0.35   0.46   \<0.001
  Asia                             175      0.6       0.28         0.24   0.33       \<0.001     0.38   0.32   0.45   \<0.001
  Middle East and North Africa     269      0.6       0.27         0.24   0.31       \<0.001     0.30   0.27   0.34   \<0.001
  Sub-Saharan Africa               141      0.8       0.34         0.29   0.40       \<0.001     0.42   0.35   0.50   \<0.001
  **Cannabis use disorder**                                                                                           
  Swedish                          4,381    0.4       1                                          1                    
  Eastern Europe and Russia        77       0.3       0.82         0.66   1.03       0.09        0.76   0.60   0.97   0.03
  Asia                             49       0.2       0.59         0.45   0.79       \<0.001     0.55   0.41   0.74   \<0.001
  Middle East and North Africa     141      0.3       1.03         0.87   1.22       0.73        0.79   0.66   0.95   0.01
  Sub-Saharan Africa               86       0.5       1.53         1.23   1.89       \<0.001     1.40   1.11   1.76   0.004
  **Poly-drug use disorder**                                                                                          
  Swedish                          7,553    0.7       1                                          1                    
  Eastern Europe and Russia        79       0.3       0.52         0.41   0.65       \<0.001     0.45   0.35   0.57   \<0.001
  Asia                             34       0.1       0.26         0.18   0.36       \<0.001     0.26   0.18   0.37   \<0.001
  Middle East and North Africa     113      0.3       0.50         0.42   0.60       \<0.001     0.42   0.35   0.52   \<0.001
  Sub-Saharan Africa               73       0.4       0.81         0.64   1.01       0.07        0.85   0.66   1.10   0.22

^1^Adjusted for age, sex, birth year, family income, family employment, population density, and PTSD diagnosis.

Abbreviations: CI, confidence interval; HR, hazard ratio

Rates of substance use disorders by age at migration and time in Sweden {#sec019}
-----------------------------------------------------------------------

For all outcomes, we found dose-response relationships between rates of substance use disorders and earlier age at migration or longer time in Sweden (**[Table 4](#pmed.1002944.t004){ref-type="table"}** and [S4 Table](#pmed.1002944.s007){ref-type="supplementary-material"}), such that HRs tended to converge to the Swedish-born rate over time. For example, for any substance use disorder, the aHR was 0.24 (95% CI 0.18--0.31; *p* \< 0.001) for those who immigrated to Sweden after 20 years old, but 0.73 (95% CI 0.60--0.89; *p* \< 0.001) in those who immigrated between 0 and 6 years old (**[Table 4](#pmed.1002944.t004){ref-type="table"}**). For cannabis use disorders (HR: 0.94; 95% CI 0.62--1.42; *p* = 0.77) and polydrug use disorders (HR: 0.92; 95% CI 0.59--1.44; *p* = 0.73), we found no statistically significant differences in rates between the Swedish-born population and those who immigrated between 0 and 6 years old ([S4 Table](#pmed.1002944.s007){ref-type="supplementary-material"}). These dose-response patterns were mirrored by time in Sweden, with no statistically significant differences in rates of any substance use disorder outcome between the Swedish-born population and migrant groups who had lived in Sweden for over 10 years (**[Table 4](#pmed.1002944.t004){ref-type="table"}**, [S4 Table](#pmed.1002944.s007){ref-type="supplementary-material"}). Inspection of AIC scores suggested that age at migration provided better fit of the data than any other exposure for any substance use disorders and alcohol use disorders (jointly with time in Sweden; [S5 Table](#pmed.1002944.s008){ref-type="supplementary-material"}), while region of origin provided a better fit for cannabis and polydrug use disorders.

10.1371/journal.pmed.1002944.t004

###### Unadjusted and adjusted HRs by age at migration and time in Sweden for any substance use disorder.

![](pmed.1002944.t004){#pmed.1002944.t004g}

  Substance use disorder   *N*      Percent   Unadjusted          Adjusted                                  
  ------------------------ -------- --------- ------------ ------ ---------- --------- ------ ------ ------ ---------
  **Age at migration**                                                                                      
  Swedish-born             38,971   3.5       1                                        1                    
  0--6 years               105      1.7       0.64         0.53   0.77       \<0.001   0.73   0.60   0.89   0.002
  7--15 years              823      2.0       0.64         0.60   0.69       \<0.001   0.48   0.45   0.52   \<0.001
  16--19 years             323      1.2       0.39         0.35   0.44       \<0.001   0.28   0.24   0.33   \<0.001
  20+ years                195      0.4       0.16         0.14   0.19       \<0.001   0.24   0.18   0.31   \<0.001
  **Time in Sweden**                                                                                        
  Swedish-born             38,971   3.5       1                                        1                    
  0--4 years               1,234    1.1       0.40         0.37   0.41       \<0.001   0.42   0.39   0.46   \<0.001
  5--9 years               170      1.8       0.62         0.54   0.73       \<0.001   0.65   0.56   0.76   \<0.001
  10+ years                42       2.5       1.03         0.76   1.39       0.86      1.11   0.82   1.51   0.49

^1^Adjusted for age, sex, birth year, family income, family employment, population density, and PTSD diagnosis.

Abbreviations: CI, confidence interval; HR, hazard ratio

In further analyses of any substance use disorder, excluding the Swedish-born group to reduce multicollinearity between our exposures, we were able to mutually adjust for migrant status, region of origin, age at migration, and time in Sweden ([S6 Table](#pmed.1002944.s009){ref-type="supplementary-material"}), which suggested independent effects for the latter three variables on rates of substance use disorder amongst migrant groups.

Rates of substance use disorders by PTSD and migrant status {#sec020}
-----------------------------------------------------------

There was evidence (**[Table 5](#pmed.1002944.t005){ref-type="table"}**) that the association between PTSD and all substance use disorders differed by migrant status (i.e., LRT for interaction between PTSD and migrant status for any substance use disorder: χ^2^ on 2 degrees of freedom (*df*): 9.4; *p* = 0.01). Typically, PTSD was associated with a larger risk of substance use disorders in the Swedish-born population than in non-refugee migrants or refugee migrants. This effect was most pronounced for cannabis use disorders (LRT χ^2^ (2): 11.7; *p* = 0.003), such that PTSD appeared to be associated with greater risk of cannabis use disorders in the Swedish-born population (HR: 11.50; 95% CI 9.30--14.23; *p* \< 0.001) than non-refugee (HR: 5.92; 95% CI 3.58--9.81; *p* \< 0.001) or refugee migrants (HR: 2.60; 95% CI 0.63--10.69; *p* = 0.19).

10.1371/journal.pmed.1002944.t005

###### Effect modification between migrant status and PTSD diagnosis in adjusted models.

![](pmed.1002944.t005){#pmed.1002944.t005g}

  Substance use disorder                        *N*[^1^](#t005fn001){ref-type="table-fn"}   Percent   Adjusted   *p*-value           
  --------------------------------------------- ------------------------------------------- --------- ---------- ----------- ------- ---------
  **Any substance use disorder**                                                                                                     
  PTSD in Swedish-born                          627                                         26.5      7.36       6.79        7.96    \<0.001
  PTSD in nonmigrant refugees                   54                                          8.2       4.88       3.71        6.41    \<0.001
  PTSD in refugees                              17                                          7.5       5.94       3.62        9.74    \<0.001
  *LRT χ*^*2*^ *(df) p-value for interaction*   9.4 (2); *p* = 0.01                                                                  
  **Alcohol use disorder**                                                                                                           
  PTSD in Swedish-born                          410                                         17.3      5.93       5.38        6.54    \<0.001
  PTSD in nonmigrant refugees                   23                                          2.5       3.60       2.37        5.45    \<0.001
  PTSD in refugees                              6                                           2.6       3.82       1.68        8.68    \<0.001
  *LRT χ*^*2*^ *(df) p-value for interaction*   7.1 (2); *p* = 0.03                                                                  
  **Cannabis use disorder**                                                                                                          
  PTSD in Swedish-born                          88                                          3.7       11.50      9.30        14.23   \<0.001
  PTSD in nonmigrant refugees                   16                                          2.4       5.92       3.58        9.81    \<0.001
  PTSD in refugees                              2                                           0.9       2.60       0.63        10.69   0.19
  *LRT χ*^*2*^ *(df) p-value for interaction*   11.7 (2); *p* = 0.003                                                                
  **Polydrug use disorder**                                                                                                          
  PTSD in Swedish-born                          238                                         10.0      13.83      12.14       15.76   \<0.001
  PTSD in nonmigrant refugees                   18                                          2.7       7.10       4.39        11.48   \<0.001
  PTSD in refugees                              9                                           4.0       13.77      6.72        28.22   \<0.001
  *LRT χ*^*2*^ *(df) p-value for interaction*   8.1 (2); *p* = 0.02                                                                  

^1^Number and proportion of participants with PTSD diagnosis who received a substance use disorder diagnosis.

^2^Adjusted for age, sex, birth year, family income, family employment, and population density.

Abbreviations: CI, confidence interval; df, degrees of freedom; HR, hazard ratio; LRT, likelihood ratio test

Assumptions {#sec021}
-----------

For any substance use disorder, there was some evidence of violation of the proportional hazards assumption for our migrant status variable. This effect was only apparent for non-refugee migrants ([S1 Fig](#pmed.1002944.s003){ref-type="supplementary-material"}), primarily driven by slightly higher incidence rates of substance use disorders amongst non-refugee migrants in later follow-up periods ([S7 Table](#pmed.1002944.s010){ref-type="supplementary-material"}). Nevertheless, HRs for both migrant groups were substantially lower than for the Swedish-born group across all follow-up periods ([S7 Table](#pmed.1002944.s010){ref-type="supplementary-material"}).

Discussion {#sec022}
==========

Primary findings {#sec023}
----------------

In our large, nationwide cohort, refugee and non-refugee migrants were substantially less likely to be diagnosed with a substance use disorder than Swedish-born individuals, extending to alcohol, cannabis (in non-refugee migrants), and polydrug disorders independently. We found no evidence of differences in incidence rates between these two migrant groups, with the possible exception of polydrug use disorders, which may have been elevated amongst refugees compared with non-refugee migrants. Rates were lower for migrants from all regions of origin, with the exception of raised rates of cannabis use disorders for migrants from sub-Saharan Africa relative to the Swedish-born population. Rates in migrants converged to the Swedish-born rate over time, with dose-response patterns for both age at migration and time in Sweden. Finally, we found strong evidence that individuals with PTSD were more likely to be diagnosed with a substance use disorder than those without a PTSD diagnosis, a relative effect that was more strongly associated with risk amongst Swedish-born participants, in contrast to our hypothesis. Nonetheless, PTSD may have had greater impact on the incidence of substance abuse disorders in migrant groups, given its higher occurrence than in the Swedish-born population.

Strengths and limitations {#sec024}
-------------------------

Our study had several methodological strengths. Our longitudinal design in a comprehensive nationwide sample allowed us to obtain precise estimates of the incidence of substance use disorders in refugees and non-refugee migrants in comparison with the Swedish-born population for the first time, to our knowledge. Because of the unique opportunity offered by the linked Swedish registers, we were able to gather information on over 1.2 million people living in Sweden, including over 17,000 refugees. The Swedish register is known to be reliable for research, containing highly complete data with minimal loss to follow-up \[[@pmed.1002944.ref007]\]. We conducted complete case analysis, excluding 7.7% of the cohort due to missing covariate data. Excluded participants predominantly left the cohort before age 16 ([S2 Table](#pmed.1002944.s005){ref-type="supplementary-material"}), on whom personal or parental income was not available in the LISA register before this age. Although these participants differed from the analytical sample on outcome, exposure, and covariate data, sensitivity analyses that retained these participants did not alter the interpretation of our findings ([S3 Table](#pmed.1002944.s006){ref-type="supplementary-material"}). Furthermore, the literature also suggests that missingness of around 5% is likely to be inconsequential \[[@pmed.1002944.ref038]\] to valid statistical inferences and that estimates are unlikely to be biased with less than 10% missing data \[[@pmed.1002944.ref039],[@pmed.1002944.ref040]\]. Rates of all-cause mortality in this young sample were low ([S8 Table](#pmed.1002944.s011){ref-type="supplementary-material"}) and were therefore unlikely to have acted as a competing risk on our results. Together, this suggests that our findings were robust to possible biases introduced by their omission from our main analyses.

There were also notable limitations of our study. Most crucially, our incidence results were based on substance use disorders diagnosed in secondary care, including emergency department visits but excluding contacts only seen within primary care. Here, non-differential case ascertainment would have led us to underestimate the incidence of substance use disorders in Sweden, particularly where certain patterns of misuse and related disorders (i.e., alcohol) may go undetected in the population. Nonetheless, we would still interpret our results as informative of the treated incidence of such disorders requiring secondary in- or outpatient admission. In this light, the absolute incidence rates we observed highlight a substantive public mental health issue, particularly amongst the Swedish-born population, in whom the overall incidence rate of 290 new cases per 100,000 person-years is seven and a half times higher than reported for a near-identical cohort with respect to psychotic disorders \[[@pmed.1002944.ref007]\]. Furthermore, these rates appear consistent with those observed in similar comprehensive national data in Denmark \[[@pmed.1002944.ref014]\] and substantively higher than reported in general population samples in the Netherlands \[[@pmed.1002944.ref041]\] and US \[[@pmed.1002944.ref042]\]. We acknowledge that differential case ascertainment by migrant status may have had more substantive impact on our results. This could have occurred if migrant groups were more or less likely to only be identified via primary care. It has previously been reported that refugees in Sweden struggle to access healthcare services \[[@pmed.1002944.ref043]\], sometimes due to a fear of being deported \[[@pmed.1002944.ref027]\]. Other obstacles to accessing healthcare may include language, legal, gender, or stigma-based barriers \[[@pmed.1002944.ref044]\]. If true, this may have led us to underestimate rates of substance use disorders in refugee migrants relative to the Swedish-born population. Nevertheless, one might expect some of these issues to apply less readily to non-refugee migrants, whose lower risk of substance abuse disorders was equivocal to their refugee counterparts from the same regions of origin. Furthermore, such an ascertainment bias is difficult to reconcile with the substantively raised rates of PTSD and psychotic disorders observed in refugees from similar samples in Sweden \[[@pmed.1002944.ref007],[@pmed.1002944.ref045]\]. Although a small proportion of cases presenting to private outpatient facilities may have been missed, we believe such an effect would have led our estimates to be conservative, assuming that refugee and non-refugee migrants in our sample would have been less likely to use private healthcare. Although the National Patient Register only included outpatient psychiatric diagnoses recorded since 2001 (with complete national coverage since 2005), we do not believe this would have led to substantial case ascertainment bias, given the paucity of outpatient services available before 2001 in Sweden.

Our results should also be interpreted in the context of the validity of diagnoses made in clinical practice. In general, psychiatric diagnoses in the National Patient Register are valid \[[@pmed.1002944.ref035]\], although direct evidence for substance use disorders remains to be established. Nonetheless, diagnoses in our study were based on those made following inpatient admission or specialized outpatient treatment, and we have no reason to believe they would not be valid.

A further limitation of our study is that we used broad region of origin categories, although our migrant samples tended to come from specific regions from these areas ([S1 Table](#pmed.1002944.s004){ref-type="supplementary-material"}). Our findings may not generalize to asylum seekers or undocumented migrants who were not included in the present study. There was some evidence that hazards were not proportional for refugee and non-refugee migrants, although these groups were at lower risk of substance use disorders than the Swedish-born group across all periods of follow-up, suggesting that this violation did not meaningfully affect the interpretation of our findings. Finally, our study was also limited to participants who met diagnostic criteria for a substance use disorder, and we were unable to investigate subclinical substance use in this sample.

Comparison with previous literature {#sec025}
-----------------------------------

Broadly, our main finding that substance use disorders were lower amongst migrants, regardless of refugee status, is consistent with previous Swedish studies \[[@pmed.1002944.ref022],[@pmed.1002944.ref027]\], including with respect to alcohol use disorders \[[@pmed.1002944.ref023]\]. This appears to be a robust finding globally \[[@pmed.1002944.ref022]--[@pmed.1002944.ref027]\], sometimes even in the presence of significant trauma, suggesting that cultural norms and behaviors with respect to substance use may shape risk \[[@pmed.1002944.ref046]\]. This argument may also explain why the effect of PTSD on substance use disorders appeared to be greater in the Swedish-born population. Nonetheless, our findings contradicted some other studies that have observed that refugees \[[@pmed.1002944.ref047]\] and some non-refugee groups \[[@pmed.1002944.ref023],[@pmed.1002944.ref048]\] in Sweden had higher rates of substance use disorders than the Swedish-born population, a finding we only observed with respect to cannabis use disorders in migrants from sub-Saharan Africa. An important difference between these studies and our own was that previous studies included migrant groups from different geographic regions. As we wanted to ensure valid comparisons between refugee and non-refugee migrants, we restricted our sample to participants from regions of the world where Sweden has traditionally received substantial refugee flows. This excluded regions such as North America, Oceania, Western Europe, and Nordic countries, which were included in the aforementioned studies \[[@pmed.1002944.ref023],[@pmed.1002944.ref048]\], and from where the incidence of substance abuse may be higher than amongst participants from regions included in the present study. We therefore suggest that it is important to consider region of origin and other sociocultural variation in substance use as a primary driver of disorder risk. Finally, in line with another study, we found that people with a diagnosis of PTSD were more at risk of developing a substance use disorders \[[@pmed.1002944.ref032]\], although further studies should investigate the extent to which these associations may result from greater healthcare contact and diagnostic assessment.

Interpretation {#sec026}
--------------

Incidence rates of substance use disorders in all groups were very high, marking this out as a major public mental health challenge irrespective of relative differences in risk between migrant and non-migrant populations. From this perspective, our results suggest that while substance abuse issues are a nontrivial concern in migrant groups, particularly amongst those with a history of PTSD, the substantial burden of these disorders affect the majority population in Sweden, where prevention efforts could be targeted. Lower rates of substance use disorders---which we observed to a similar extent in both refugee and non-refugee migrant groups from the same regions of origin---may be attributable to various factors, including the "healthy immigrant effect" or sociocultural and religious differences in attitudes and behaviors towards substance use. The healthy migrant effect suggests that people who chose to migrate are more motivated, adaptive, and often younger and healthier than the native-born population. However, such an effect may be less likely to explain lower rates of substance use disorders in refugees, although it has been posited \[[@pmed.1002944.ref021]\] that they may benefit from additional institutional and contextual levers in their country of settlement, which provide further support against harmful behaviors \[[@pmed.1002944.ref021],[@pmed.1002944.ref022]\].

Alternatively, lower rates of substance use disorders we observed for refugee and non-refugee migrants compared with the Swedish-born population may be attributable to cultural norms or religious views on substance use behaviors. Interestingly, our results indicated that rates of substance use disorders in migrant groups in Sweden tended to converge (i.e., increase) towards the rate in the Swedish-born population over time in a dose-response fashion, whether inspected via earlier age at migration or time lived in Sweden. These results are in line with similar observations in prevalence data on substance abuse \[[@pmed.1002944.ref022]\] and with respect to suicide risk from a similar longitudinal cohort study in Sweden \[[@pmed.1002944.ref008]\]. One possible interpretation of these findings is that acculturative processes lead some migrant groups to adopt Swedish health behaviors over time, here increasing their risk of being diagnosed with a substance use disorder. Alternatively, migrants who have lived longer in Sweden may be more likely to use the Swedish secondary healthcare system, due to better health literacy or fewer language barriers. Further studies are required to disentangle the multifactorial influences that may underlie these results. In doing so, we know that the immigrant/refugee paradox is not apparent for all psychiatric disorders, most notably schizophrenia and other psychotic disorders \[[@pmed.1002944.ref007],[@pmed.1002944.ref015]\], suggesting that any stressors associated with refugee or migrant status may have differential effects on psychiatric morbidity, depending on an interplay of other contextual, individual, and neurobiological features.

Our study illustrates the substantial burden of mental health problems attributable to substance use disorders in the general population and amongst those with a history of PTSD, which is overrepresented in refugee and migrant groups. If generalizable, such high levels of psychiatric morbidity and potential convergence of rates in migrant groups over time to those in the background population will present a fundamental public health concern for many nations across the globe.
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Sincerely,

Richard Turner PhD, for Philippa Berman, MBBS

Senior Editor, PLOS Medicine

<rturner@plos.org>

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

Requests from the editors:

For researchers who wish to inquire about data access but are unfamiliar with Swedish, please ensure that you provide well-signposted non-author contact details.

You may wish to restructure the title, e.g. \"Substance use disorders in refugee and migrant groups in Sweden: a nationwide study of 1.2 million people\".

Please add some additional details to your abstract, e.g. quoting the number of refugees; summary demographic details for study participants; and the major countries or regions contributing refugees and/or migrants.

Please add p values alongside CI where available.

Please avoid the phrase \"refugee generating\".

The final sentence of the \"methods and findings\" subsection of your abstract should summarize the study\'s main limitations.

After your abstract, we will need to ask you to add a new and accessible \"author summary\" section in non-identical prose. You may find it helpful to refer to one or two recent research papers in PLOS Medicine to get a sense of the preferred style.

Please restructure the text around lines 95-105 to create a shorter section stating the study\'s aims. Where you discuss expectations, please make these points earlier in the introduction, supported by references as appropriate.

Early in your methods section, please state whether or not the study had a protocol or prespecified analysis plan, and if so attach the document as a supplementary file. Please identify any analyses that were not prespecified.

In the discussion section of your main text, please craft a discrete paragraph or paragraphs summarizing the study\'s limitations.

Please ensure that all references comply with journal style. We noted that journal names appeared to be missing for some references (e.g. references 6 and 10). Generally, publisher names can be removed (e.g. for reference 8). Referee 29 seems to lack full access details.

We would suggest making the participant flowchart, supplementary figure 1, part of the main paper.

Please make your STROBE checklist a separate supplementary file. Individual items should be referred to by section (e.g. \"methods\") and paragraph number rather than by page or line numbers, as the latter generally change in the event of publication.

Comments from the reviewers:

\*\*\* Reviewer \#1:

The paper \"A nationwide study of the incidence of substance use disorders in refugee and migrant groups in Sweden: a cohort study of 1.2 million people\" examines whether risk of substance use disorders varies by region of origin and diagnosis of post-traumatic stress disorder. The authors find lower rates of substance use disorders in migrants and refugees and that a PTSD diagnosis was associated with substance use disorder.

\* The paper examines an important research question. However, I find the paper too descriptive and the results does not therefore contribute significantly to the progression of knowledge within this field of research.

\* The authors argue that one of the important contributions of the paper is that they study risks of substance use disorders by region of origin. However the region or origin groups are too crude to give any additional insight in how country specific and culture specific factors could have influenced the findings. Especially the group of migrants from \"Asia, Middle East and North Africa\" is extremely broad and includes many different cultures, religions and nationalities. Therefore it is difficult to make any meaningful interpretations from the results.

\* It is highly unclear why the authors decided to follow a cohort born between 1984 and 1997. These are fairly young immigrants. This should be explained much better in the paper.

\* It would have been interesting to separately to study the group of migrants arriving without parents separately.

\* The findings does not really contribute to any new insights. We already know that many groups of migrants consume less alcohol and drugs. The paper would have been much more interesting if the analyses included information on duration of residence in Sweden and age at migration. Such variables could give important additional knowledge on migrants and refugees drinking patterns.

\* Some of the hypotheses are poorly explained. Why do the authors expect that refugees but not non-refugees have a higher risk of substance disorder? Why do the authors expect that those with PTSD diagnosis will have higher rates of substance disorders? What is the main explanation here?

\* It is unclear why the authors primarily suggest that the findings could be explained by the healthy migrant effect. I believe that substance use disorders are highly related to culture and religion and substance use is much lower in many countries outside Sweden. Therefore, the most likely explanation is not that migrants constitute a selection of \"healthier\" individuals with regard to substance use. It is rather that consumption patterns in the country of origin are lower for different reasons.

\* Undocumented migrants and refugees probably have much higher levels of substance use. This should be acknowledged or at least discussed in the paper.

\* The restriction of the sample to participants from major refugee-generating regions should be explained earlier.

\*\*\* Reviewer \#2:

There are two main problems with the methods that mean that this study\'s findings are difficult to interpret.

The first is that there is no evidence cited on the validity of the particular outcomes (substance use disorders and PTSD) in the study. Are substance use disorder diagnoses valid in these registers? Does this validity extend to subcategories of substance use disorders, such as a cannabis use disorder. My impression is that these Nordic registers have good validity for severe mental illness, but this does not extend to other diagnoses, including PTSD and substance use subcategories.

A second problem is that the authors have used predominately inpatient information to calculate prevalence rates - with outpatient diagnoses added from 2005. The problem here is that most substance use disorders are diagnosed in primary care (i.e. not outpatients) and therefore this study will have missed the majority of substance use disorders. This is borne out in the prevalence rates which are very low compared to other epidemiological surveys. In the current study, alcohol is estimated at an incidence of 208 per 100,000 person years, which seems around 10x lower than expected. The same applies for substance use disorders (which is reported at 290 per 100,000 person years). Some comparison of these incidence rates with other surveys, including the GBD would be helpful.

These two problems may not differentially affect refugees and non-migrant refugees, but as the authors suggest in the limitations, such populations are less likely to access healthcare services. This will likely be more an issue for inpatient services, and therefore the findings of the relative differences between the groups may be biased. Furthermore, there may be more stigma in receiving a substance use disorder diagnosis, particularly alcohol (as it is against the Muslim religion and most refugees to Sweden will be from Islamic countries), which would further explain the reported differences.

\*\*\* Reviewer \#3 (statistical reviewer):

This is a well-conducted and comprehensive study on the incidence of substance use disorders in refugee and migrant groups in Sweden. The study design, datasets, statistical methods and analyses, and presentation (tables and figures) and interpretation of results are mostly adequate and of a high standard. Missing data and proportional hazards assumption are two tricky issues but were dealt with very well by the authors in both analyses and discussion, well done! Only a few minor points needing attention:

1\) Page 10, Line 217-219, apart from the crude incidence of SUD, can authors also provide age- and sex-adjusted incidence rates?

2\) Can authors provide death data for the cohorts by groups? Assume very low as it\'s a young cohort but just to want to make sure there is no competing risk issue in applying cox models when outcomes are not all-cause mortality.

3\) Page 6, Line 110, \"Using linked, longitudinal Swedish register data from Psychiatry Sweden\". By the way, any brief explanation or reference for \"Psychiatry Sweden\"?

\*\*\*

Any attachments provided with reviews can be seen via the following link:

\[LINK\]

10.1371/journal.pmed.1002944.r002
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4 Sep 2019

Dear Dr. Kirkbride,

Thank you very much for re-submitting your manuscript \"Substance use disorders in refugee and migrant groups in Sweden: a nationwide cohort study of 1.2 million people\" (PMEDICINE-D-19-02064R1) for consideration at PLOS Medicine for our upcoming special issue on substance mis/use.

I have discussed the paper with editorial colleagues and our academic editor, and it was also seen again by three external reviewers. I am pleased to tell you that, provided the remaining editorial and production issues are dealt with, we expect to be able to accept the paper for publication in the journal.

The remaining issues that need to be addressed are listed at the end of this email. Any accompanying reviewer attachments can be seen via the link below. Please take these into account before resubmitting your manuscript:

\[LINK\]

Our publications team (<plosmedicine@plos.org>) will be in touch shortly about the production requirements for your paper, and the link and deadline for resubmission. DO NOT RESUBMIT BEFORE YOU\'VE RECEIVED THE PRODUCTION REQUIREMENTS.

\*\*\*Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.\*\*\*

In revising the manuscript for further consideration here, please ensure you address the specific points made by each reviewer and the editors. In your rebuttal letter you should indicate your response to the reviewers\' and editors\' comments and the changes you have made in the manuscript. Please submit a clean version of the paper as the main article file. A version with changes marked must also be uploaded as a marked up manuscript file.

Please also check the guidelines for revised papers at <http://journals.plos.org/plosmedicine/s/revising-your-manuscript> for any that apply to your paper. If you haven\'t already, we ask that you provide a short, non-technical Author Summary of your research to make findings accessible to a wide audience that includes both scientists and non-scientists. The Author Summary should immediately follow the Abstract in your revised manuscript. This text is subject to editorial change and should be distinct from the scientific abstract.

We hope to receive your revised manuscript within one week. Please email us (<plosmedicine@plos.org>) if you have any questions or concerns.

We ask every co-author listed on the manuscript to fill in a contributing author statement. If any of the co-authors have not filled in the statement, we will remind them to do so when the paper is revised. If all statements are not completed in a timely fashion this could hold up the re-review process. Should there be a problem getting one of your co-authors to fill in a statement we will be in contact. YOU MUST NOT ADD OR REMOVE AUTHORS UNLESS YOU HAVE ALERTED THE EDITOR HANDLING THE MANUSCRIPT TO THE CHANGE AND THEY SPECIFICALLY HAVE AGREED TO IT.

Please ensure that the paper adheres to the PLOS Data Availability Policy (see <http://journals.plos.org/plosmedicine/s/data-availability>), which requires that all data underlying the study\'s findings be provided in a repository or as Supporting Information. For data residing with a third party, authors are required to provide instructions with contact information for obtaining the data. PLOS journals do not allow statements supported by \"data not shown\" or \"unpublished results.\" For such statements, authors must provide supporting data or cite public sources that include it.

Please let me know if you have any questions. Otherwise, we will look forward to receiving the revised manuscript soon.

Kind regards,

Richard Turner PhD, for Philippa Berman, MBBS

Senior Editor, PLOS Medicine

<rturner@plos.org>

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

Requests from Editors:

Please remove Prof Dalman\'s contact from your data statement, as she is an author on the paper, and substitute an alternative contact who is not an author.

Please revisit the phrase \"import healthier behaviours\" (abstract and author summary). We suggest substituting a phrase reflecting the behaviours prevalent in migrants\' countries of origin.

Around line 48, where you mention the regions of origin of migrant and refugee groups, we suggest revising the text to \"Refugees\' regions of origin were represented in proportions ranging from 6.0% (Eastern Europe & Russia) to 41.4% (Middle East and North Africa); Proportions of non-refugee migrants\' regions of origin ranged from 11.8% (sub-Saharan Africa) to 33.7% (Middle East and North Africa).\", or similar.

At line 55, you may wish to adapt \"\... and for migrants from most regions-of-origin\" to \"and the findings did not differ substantially by migrants\' region of origin.\".

At lines 57 and 87, considering the observational design of your study we ask you to substitute \"was more strongly associated with\", or similar, for \"had more pronounced effects\". Please also adapt any other instances of language ascribing causality in the ms.

The sentence at line 59 (\"Our findings highlight \... ) would seem more suitable for the \"Conclusions\" subsection of your abstract.

Please adapt the final sentence of the \"Methods and Findings\" subsection of your abstract so that it begins \"The main limitations of our study were possible differential or non-differential under-ascertainment (by migrant status) of those only seen in primary care.\". Please add one further limitation to this sentence, which might focus on the unknown status of undocumented refugees and migrants, for example.

At line 63, please start the sentence with \"Our findings suggest that \...\" or similar.

At line 150, please correct \"be were lower\".

Around lines 150-155, please remove the bullet points and convert this into narrative text, separating the relevant points with semicolons as needed.

Please check journal name abbreviations in your reference list, and make any corrections needed (e.g. \"CMAJ\" rather than \"Cmaj\")

Are you able to add a URL for reference 41? Please include an accessed date if so.

Please remove reference 44, unless this is available as a preprint; or if the paper is \"in press\" (if so, please send us the acceptance letter).

Comments from Reviewers:

\*\*\* Reviewer \#1:

I am satisfied with the revisions made by the authors. I especially believe that considering age at migration and duration of residence have significantly increased the scientific impact of the paper.

\*\*\* Reviewer \#2:

A thorough set of responses, and helpful new analyses.

Some minor queries remain:

1\. Can the authors provide some information in support of their statement that outpatient data was captured between 2001-2005? In other Swedish registry studies, it is stated that it is only captured after 2005.

2\. The authors should add a comparison of the incidence reported in this study with other studies in high income countries. Without this, it is still not clear to what extent their incidence rates are underestimates (based on lack of outpatient and primary care data).

3\. The new analyses find that those with PTSD are more likely to be diagnosed with substance use disorders. Can the authors expand on this? It is simply that those with PTSD are accessing healthcare and therefore are more likely to attract other diagnoses?

\*\*\* Reviewer \#3:

Thanks authors for their efforts to improve the manuscript. I am satisfied with the response and the revision. No further issues needing attention.

\*\*\*

Any attachments provided with reviews can be seen via the following link:

\[LINK\]

10.1371/journal.pmed.1002944.r004
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27 Sep 2019

Dear Dr Kirkbride,

On behalf of my colleagues and the academic editor, Dr. Margarita Alegria, I am delighted to inform you that your manuscript entitled \"Substance use disorders in refugee and migrant groups in Sweden: a nationwide cohort study of 1.2 million people\" (PMEDICINE-D-19-02064R2) has been accepted for publication in PLOS Medicine.

PRODUCTION PROCESS

Before publication you will see the copyedited word document (in around 1-2 weeks from now) and a PDF galley proof shortly after that. The copyeditor will be in touch shortly before sending you the copyedited Word document. We will make some revisions at the copyediting stage to conform to our general style, and for clarification. When you receive this version you should check and revise it very carefully, including figures, tables, references, and supporting information, because corrections at the next stage (proofs) will be strictly limited to (1) errors in author names or affiliations, (2) errors of scientific fact that would cause misunderstandings to readers, and (3) printer\'s (introduced) errors.

If you are likely to be away when either this document or the proof is sent, please ensure we have contact information of a second person, as we will need you to respond quickly at each point.

PRESS

A selection of our articles each week are press released by the journal. You will be contacted nearer the time if we are press releasing your article in order to approve the content and check the contact information for journalists is correct. If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact.

PROFILE INFORMATION

Now that your manuscript has been accepted, please log into EM and update your profile. Go to <https://www.editorialmanager.com/pmedicine>, log in, and click on the \"Update My Information\" link at the top of the page. Please update your user information to ensure an efficient production and billing process.

Thank you again for submitting the manuscript to PLOS Medicine. We look forward to publishing it.

Best wishes,

Richard Turner

Senior Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)

[^1]: The authors have declared that no competing interests exist.

[^2]: ‡ These authors share first authorship on this work.
